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ABSTRACT OF THE THESIS

Measuring a Sample of Orthodontic Models/Panographs at LLUSD Using the CR-Eval
by
Jonathan Michael Drew
Master of Science, Graduate Program in Orthodontics
Loma Linda University, August 2018
Dr. R. David Rynearson, Chairperson

Introduction: An index must be used to quantify the improvement in the position of
teeth treated by orthodontics. The Cast-Radiograph Evaluation is the index used by the
American Board of Orthodontics. The purpose of this study is to use this index to
evaluate treatment outcomes in the graduate orthodontic clinic at Loma Linda University
from 2012-2016.
Materials and Methods: Patients included were comprehensively treated, debonded
between 1/1/2012 and 12/31/2016, and under age 30. A total of 80 patients were
randomly selected, with 16 coming from each year. The ABO DI was used to score the
T1 models, and the CR-Eval was used to score the T2 models. For scoring reliability, a
set of 5 calibration models were scored with the P.I., who has had experience as an
examiner for the ABO.
Results: It was found that DI scores ranged from 2 to 48, with the mean being
14.55±8.41. CR-Eval scores ranged from 15 to 47, with the mean being 30.09±7.596.
There were no significant differences in mean CR-Eval scores for malloclusion types,
between years included in the study, between cases treated with extractions verses those
treated without, and between cases that started with a cross bite or impacted canine and
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those that didn’t. In this sample, Alignment/Rotations was the highest scored category of
the CR-Eval (6.65±2.66), followed by Buccolingual Inclination (4.987±3.10), and
Occlusal Contacts (4.875±2.71). Interproximal Contacts scored the least (0.30±0.75).
Conclusions: According to the results found in this data set, there was no statistically
significant change in the mean CR-Eval scores from year to year. There was also no
statistically significant correlation between DI at T1 and CR-Eval at T2. Alignment and
Rotations are the category that have the most room for improvement. Buccolingual
Inclination was the second highest, followed by the Occlusal Contacts category.
Discussion: This study confirms the value and need for progress models prior to debond
with sufficient time to perform a CR-Eval and make the necessary adjustments.
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CHAPTER ONE
REVIEW OF THE LITERATURE
Introduction to the Measurement of Orthodontic Treatment Outcomes
In order to quantify the success or failure of orthodontic treatment, one must have a
system of evaluating the different aspects of aligning teeth.1 Inclination, tipping, rotation,
occlusal contacts, and more must be taken into consideration. A system of measuring
tooth position is referred to as an index. The index assigns a value to each parameter that
is considered, which can then be added up to give the case an overall score or label. Shaw
et al., in a discussion of occlusal indices, describes that in order to be useful, an index
must be both valid and reproducible.1 Validity here meaning that it should successfully
measure what it is attempting to measure, and reproducibility meaning that when the
same case is evaluated at a different time, or by a different individual, it should
consistently score a similar value.
The need for a system like this is important in orthodontics. These indices have
been used as quality control in private practice orthodontic practices,2 as measurements
of training success in graduate orthodontic programs,3 and as a method for certifying
orthodontists as meeting the criteria necessary to be “board certified” by the American
Board of Orthodontists.4 Indeed, the ABO has been a proponent and developer of it’s
own indices, which it has tested for many years for validity and value. These indices can
also be used to identify problems in treatment, therefore improving clinical outcomes by
increasing awareness of recurring issues.5 In the words of Abei et al,3 “evidence-based
decision making has become a hallmark of 21st century health care, and this trend has
placed a premium on quantitative measures of treatment outcome.” The ABO’s CR-Eval

1

is one such measure.

The American Board of Orthodontics
In 2002 the ABO launched its website, aimed at giving orthodontists the
information necessary to evaluate the success of treatment, as well as provide them with
the means necessary to become board certified. According to Cangialosi et al., during the
first 6 months the website was open, 63% of the 245,200 inquiries were about locating
orthodontists who were board-certified.4, 6 Towards the end of the 20th Century, the ABO
strove to develop an objective grading system for evaluating T2 dental casts and
radiographs. The plan was to quantify crown and root positions in an optimal occlusal
relationship. The ABO also introduced an index called the objective grading system,
which is used for quantifying post-treatment dental casts and radiographs. It has become
widely accepted, and has since been re-named the Cast-Radiograph Evaluation or CREval.4 Before the introduction of the CR-Eval, orthodontists had no quantifiable method
for assessing the post-treatment results of their cases. It goes without saying that a pivotal
paper on normal occlusion was published in 1972 in the AJODO by Dr. Lawrence
Andrews titled The Six Keys to Normal Occlusion, followed by his book in 1989, Straight
Wire, The Concept and Appliance, which defined in clear terms the parameters of a
normal occlusion, and demonstrated the improvement in outcomes of cases treated with
these parameters in mind.23 The parameters of ideal occlusion, which could now be
measured with the ABO’s CR-Eval, created a standard, reliable, and reproducible goal
for treatment outcomes, and the number of cases that passed the ABO’s Phase III of the
board’s certification process improved dramatically.5

2

The ABO went on to develop yet another index called the Discrepancy Index. This
is a measure of case complexity, and was developed as a way to evaluate pre-treatment
casts for eligibility of use for the board certification process. The DI was field tested in
1999 and 2003, and was considered a viable option as early as 2004.6 In 2001 the ABO
began considering the possibility of certifying recent graduates with cases that they had
treated during their residency. The ABO conducted a pilot study to evaluate cases treated
by orthodontic residents in 16 different graduate programs. The study found that cases
treated by the residents were sufficiently complex to meet the ABO Difficulty Index
requirements.7,8
Interestingly, the ABO has maintained that the DI be referred to as the Discrepancy
Index, and not the difficulty index, because the difficulty of a case is not always a
function of it’s complexity. Objectively measuring a case’s difficulty could be considered
an impossible goal, as the very nature of something’s difficulty is based on the particular
skill set of the individual treating the case. What is difficult for one may not be difficult
for another. Thus, the ABO understandably set out to measure aspects of a case that are
much more objective.9, 8 The DI is a function of overjet, overbite, anterior open bite,
lateral open bite, crowding, occlusion, lingual posterior crossbite, buccal posterior
crossbite, and ANB, IMPA, and SN-GoGn cephalometric angles.9, 10
Since it’s founding in 1929, the American Board of Orthodontics has been
endeavoring to promote board certification as many practicing orthodontists as it could.
In his letter to Dr. B.F. Dewel, ABO founder Dr. Ketcham wrote: “We must keep in mind
that the object of the Board is to elevate the practice of orthodontia. We should not make
our requirements for examinations so high that the average orthodontist may not aspire to
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perfect himself so that he may pass the Board’s examination. We must remember that our
function is different from that of the faculty of an orthodontic school, which gives
examinations to students who have all received the same lecture courses and techniques.
We must adapt our examinations to the applicant; try to discover if he is safe, whether he
has the technical skill and scientific knowledge, coupled with good common sense, good
personality, and honesty of purpose, to ensure that he is a good ‘moral risk.’” 6 The ABO
recognized the need for a standardized and objective evaluation critera, and began
running field tests of the Objective Grading System in 1995. In February 1999, the OGS
was used for the first time in the Phase III ABO exam.6 The CR-Eval utilizes a
standardized gauge, and measures 8 criteria. The ABO supplies candidates with the
gauge, and all the instructions can be found on their website.6

A Discussion of Other Indices
Other scoring systems exist, but have some disadvantages associated with them.
In 1992 Richmond et al. developed the Peer Assessment Rating (PAR) index.11 It is a
measure of malocclusion improvement from T1 to T2, but does not provide a measure for
final tooth position or occlusion. In 2000, another assessment was introduced by Daniels
and Richmond - the ICON (Index of complexity, Outcome, and Need).12 It was a simple
evaluation that required no special equipment, but esthetics was the most important part
of the evaluation. Authors of the pertinent literature agree that this is a major drawback,
as the esthetics portion is subject to interpretation and is difficult to reproduce with any
degree of certainty.10,13 This major drawback is likely what caused it to be overshadowed
by the now widely accepted CR-Eval. The PAR and ICON occlusal indexes can be used
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for research, practice management, and quality assurance in orthodontics,12 but they are
unsuitable for regular evaluation of orthodontic treatment in larger clinics because they
do not evaluate the final tooth position, facial and dental esthetics, iatrogenic changes,
and length of treatment in a succinct and efficient manner.14
The PAR index is useful for measuring change during orthodontic treatment, but
it cannot be used to accurately measure tooth position. Determined to come up with a
better system, the ABO developed an index that could precisely quantify the position of
the teeth. The CR-Eval measures alignment, marginal ridge height, buccolingual
inclination, occlusal relationship, occlusal contact, overjet, interproximal contact, and
root angulation. These scores add up to give the case an overall assessment of the posttreatment result. 15,16 The criteria of the PAR consist of: alignment of the upper and lower
anterior segments, buccal occlusion, overjet, overbite, and midline. Because these are
both measured pre and post-treatment, it is primarily a measure of improvement. It is
therefore difficult to objectively compare cases to one another. Hence the ABO wanted to
develop a system that would adequately and objectively describe treatment quality. 8,15
Also in 1992, Haeger et al. developed the ideal tooth relationship index (ITRI) to evaluate
treatment outcomes. 17 This index was used by Tahir et al. to evaluate a number of ABO
cases. 18 Although the ITRI and CR-Eval are similar in that they are both rigorous and
evaluate ideal occlusal relationships, the CR-Eval allows the severity of discrepancies to
be accounted for (scoring either a 1 or a 2 for each category), the ITRI only allowed each
discrepancy to be counted as present or not.2
One of the main advantages of the CR-Eval is it’s reproducibility. Several calibrated
evaluators can expect to arrive at similar scores when evaluating any given case. An
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ideally aligned and occluded case would receive a score of 0 points. For each deviation
from the ideal position, 1 or 2 points are added. Cases that fall upwards of 30 points will
usually fail, 20-30 is considered marginal, while a case scoring under 20 will almost
always pass.5,13 A score of 26 is considered a borderline score.3 Another objective of the
CR-Eval was to allow clinicians to evaluate whether or not they were producing ‘boardquality’ results.15 The term board quality however, is not precisely defined, as there is
not hard cut-off for a passing or failing score.5

The Benefits of Scoring Treatment Outcomes
Once a system of evaluation is decided upon, there are several comparisons and
evaluations that can be done with the scores. For example, Cook et al. used the ABOOGS to evaluate post-treatment casts of cases in the private practice sector and compared
them with those treated at several graduate orthodontic programs. 16 The results were that
there was no significant difference between the alignment, buccolingual inclination, and
overjet. However, the cases from private practice had significantly less marginal ridge
height and occlusal relationship discrepancy. Graduate program cases, on the other hand,
scored better on occlusal contacts and interproximal contacts. 16 They also compared the
length of time spent in treatment, and found that there were no significant difference
between private practice and graduate cases.16
The Indiana University orthodontics program did a study on patients treated in 19982000.19 Based on the results, they educated their residents on the areas that had been most
problematic. They also encouraged their residents to take progress records 6 months prior
to the targeted debond date, and analyze them to determine what needed to be changed.
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Bracket reposition, band replacement, or other adjustments were then made as needed.
Lastly, patients with treatments that were going on past the expected finishing date were
re-assessed. Treatment plans were evaluated and changed as needed, and compliance was
assessed. If necessary, an early debond was then utilized. The school then did a follow-up
study to determine any differences in the cases treated from 2001-2003. The results
showed that there was an improvement in the years following the implemented changes.5
Cameron et al. used the ABO’s DI to score 165 cases treated at the Saint Louis
University Center for Advanced Education Orthodontic clinic. Once stratified into High,
Medium, and Low DI, the cases were analyzed for post-treatment success according to
the OGS.8 They found that the cases that had a lower discrepancy index scored an
average of 4.2 points lower on the post-treatment OGS. They also noted that buccolingual
inclination, occlusal contacts, and occlusal relationship were the most problematic areas.
8

Treatment time also played a role, with high DI cases taking an average of 4.56 months

longer than their low DI counterparts. It is important to note, however, that the
radiograph analysis portion of the OGS was not used in this study.8
Anthopoulou et al. studied the differences in ABO-OGS scores between Class I
cases treated with extraction versus those treated with non-extraction, and found no
statistically significant differences between the two treatment approaches. 13 McGuiness
et al. did a similar study but compared scores of cases that had been treated by one
resident versus those that had been treated by two. The results were that there was no
statistically significant difference in treatment outcomes between the groups, but that
patients treated by two residents had significantly longer treatment times.20
Pinskaya et al. found ABO-OGS and Comprehensive Clinical Assessment (an
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index developed for evaluating facial form, dental esthetics, vertical dimension, arch
form, periodontium preservation, root resorption, and treatment efficiency) scores to be
positively correlated, meaning that cases that were finished well according to the OGS
would also tend to be more esthetic and have less root resorption and periodontal
complications.19 Pinskaya et al. also found that longer treatment times corresponded to a
progressive increase in the scores of the finished cases (decreased quality). Because of
this, they suggested that patient burnout and patients getting transferred from one resident
to another are both factors in decreased success as time goes on. They suggest early
debond as a better alternative to prolonging unsuccessful treatment.19
Deguchi et al. used the PAR index, the DI index, the OGS, and the CCA, to evaluate
T1 and T2 records of 72 patients and 54 patients from Okayama University and Indiana
University respectively.21 They found that the OGS was a useful index for evaluating
outcomes between the two universities, and that it was able to highlight some problems
with buccolingual inclination and overjet, specifically in Asian patients.21 They
hypothesized that there was something about the skeletal or soft tissue differences in this
patient group that contributed to the problems. Abei et al. did a study with the same basic
premise, except they compared orthodontist’s cases with general practitioner’s cases.3
The result after comparing 126 orthodontist’s cases and 70 general practitioner’s cases
was that statistically significantly lower ABO-OGS scores were found in the specialisttreated cases.3
Two studies, one by Yang-Powers et al. and one by Pinskaya et al., reported
percentages of graduate school cases that reached what is considered acceptable ABO
scores (less than 30). These authors reported 19.6% and 39.7% (respectively) of cases
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treated in the graduate school setting reached this standard.2,19 Yang-Powers et al. also
compared cases from the University at Illinois at Chicago to cases that had been
presented to the ABO by private practice orthodontists who had passed the board
certification process.2 The authors reported that the average score for cases treated at the
university was 45.54, while the average score of the cases presented to the ABO was
33.88. The university group overall scored worse for occlusal contact and overjet. The
ABO group was significantly worse in the evaluation of root parallelism (as evaluated in
the Panoramic radiographs).2
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CHAPTER TWO
MEASURING A SAMPLE OF ORTHODONTIC MODELS/PANOGRAPHS AT
LLUSD USING THE CR-EVAL
Abstract
Introduction: An index must be used to quantify the improvement in the position of
teeth treated by orthodontics. The Cast-Radiograph Evaluation is the index used by the
American Board of Orthodontics. The purpose of this study is to use this index to
evaluate treatment outcomes in the graduate orthodontic clinic at Loma Linda University
from 2012-2016.
Materials and Methods: Patients included were comprehensively treated, debonded
between 1/1/2012 and 12/31/2016, and under age 30. A total of 80 patients were
randomly selected, with 16 coming from each year. The ABO DI was used to score the
T1 models, and the CR-Eval was used to score the T2 models. For scoring reliability, a
set of 5 calibration models were scored with the P.I., who has had experience as an
examiner for the ABO.
Results: It was found that DI scores ranged from 2 to 48, with the mean being
14.55±8.41. CR-Eval scores ranged from 15 to 47, with the mean being 30.09±7.596.
There were no significant differences in mean CR-Eval scores for malloclusion types,
between years included in the study, between cases treated with extractions verses those
treated without, and between cases that started with a cross bite or impacted canine and
those that didn’t. In this sample, Alignment/Rotations was the highest scored category of
the CR-Eval (6.65±2.66), followed by Buccolingual Inclination (4.987±3.10), and
Occlusal Contacts (4.875±2.71). Interproximal Contacts scored the least (0.30±0.75).
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Conclusions: According to the results found in this data set, there was no statistically
significant change in the mean CR-Eval scores from year to year. There was also no
statistically significant correlation between DI at T1 and CR-Eval at T2. Alignment and
Rotations are the category that have the most room for improvement. Buccolingual
Inclination was the second highest, followed by the Occlusal Contacts category.
Discussion: This study confirms the value and need for progress models prior to debond
with sufficient time to perform a CR-Eval and make the necessary adjustments.
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Introduction to the Study
The to the development of the CR-Eval by the American Board of Orthodontics
has allowed orthodontic treatment success can be quantified. With the ability to evaluate
success numerically, comes the opportunity for us to evaluate our success as a graduate
orthodontic clinic. We can also identify the factors that contribute to our success, and
those that provide an opportunity to improve. By comparing scores across groups of
malocclusion characteristics, we were able to determine which aspect of our cases need
more attention and improved treatment strategies. The data collected in this study have
also provided a platform for other research studies to further analyze the factors that
influence successful orthodontic treatment in our clinic, such as patient characteristics,
compliance, appliances used, associated costs, and even clinic policies and program
curriculum.
For this research project, treatment outcomes were assessed at the LLU Graduate
Orthodontics Clinic by quantifying pre-treatment casts with the Discrepancy Index, and
post-treatment casts with the CR-Eval, while keeping a record of scores achieved in each
category (alignment, marginal ridges, etc.). Case records and treatment plans were used
to stratify patients into categories of malocclusion, length of time in treatment, as well as
other pertinent details such as the presence of impacted canines, cross bites, and
extraction vs non-extraction treatment plans. The goal of this study was to determine how
well we are treating cases, what roles these various aspects of the cases play in the
success of treatment, and how the patient’s time in treatment was affected. These
questions are posed in the following section in the form of null hypotheses.
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Null Hypotheses
1. When T2 models are scored with the ABO CR-Eval, there is no statistically
significant difference in total scores between individual patients, types of
malocclusions, or the various categories of the CR-Eval.
2. CR-Eval scores are not statistically different between patients that were treated
with extraction verses those that were treated non-extraction, those with crossbites at
T1 verses those without, and between those with impacted canines at T1 and those
without.
3. Treatment times were not statistically different between cases with different DI
scores, different CR-Eval scores, impacted canines at T1, a crossbite present at T1, or
cases treated with extractions verses those treated non-extraction.

Materials and Methods
A complete list of all patients debonded at the Graduate Orthodontic Clinic of the
Loma Linda University School of Dentistry in the last 5 years was acquired and put into
an Excel® spreadsheet. A randomized number was assigned to all patients, and the list
was sorted by those random numbers. Patients were then systematically evaluated for the
inclusion criteria, until a total of 80 patients were selected, with 16 coming from each of
the last 5 years (1/1/2012-12/31/2016). The inclusion criteria required that patients were
skeletal class I (the lateral cephalometric measurement Convexity of A was 0mm to
4mm), comprehensively treated, and debonded while under age 30. In addition, any case
that had mutilated occlusion (less than 28 teeth except for premolar extractions done in
treatment) or the T1 or T2 casts were broken or otherwise not diagnostic, or were
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otherwise missing necessary records, were not included in the study. Patients who were
debonded early due to patient/parent request, were also not included, because we only
wanted cases that were treated to completion by the graduate student. Patients of all
ethnicities were included in the study.
Once the list of patients was compiled, each patient’s pre-treatment records were
utilized to categorize each case by Angle’s classification, the presence of impacted
canines or cross bites at T1, whether or not the case was treated with extractions, and
total time in treatment. Treatment times were recorded as a percentage of the expected
treatment time (i.e. a treatment that took 30 months out of 30 expected, would be 100%,
while a treatment that took 21 out of 30 expected, would be recorded as taking 70% of
the time expected).
The patient’s T1 models (models taken prior to treatment) were scored using the
ABO DI. T1 cephalometric radiographs for the DI were traced and measured digitally
using Dolphin Imaging. The ABO CR-Eval was used to score T2 models and panoramic
radiographs (the records taken immediately after debond). Each category of the CR-Eval
was documented separately, so that comparisons could be done for each section.
The instructional videos on the ABO’s website were used for initial training of the
evaluator, and were referenced continually throughout data collection. In order to ensure
standardization, the first 5 cases scored were also scored by the P.I., who is an examiner
for the ABO, and has been through many standardization courses. The P.I. gave
calibration feedback after the initial models were scored, and was continually asked for
input throughout data collection in order to ensure consistency and adherence to the
ABO’s methods of evaluation.
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Measurements and Data Collection
The digital chart of each patient included in this study was reviewed to collect the
following information about their pre-treatment and post-treatment records.


Sex, from their treatment plan



Age at debond from their chart, for inclusion criteria



Malocclusion Angle Classification, by looking at their T1 models



Presence of a cross bite, by looking at T1 models



Presence of Impacted Canines, diagnosed by looking at T1 panoramic radiograph



Case treated with extractions, from treatment plan and confirming with T2 pano



Time In Treatment, measured from “Band and Bond” appointment to “Debond
Appointment”



The ABO DI from T1 casts



The ABO CR-Eval from T2 casts, documenting each of the eight evaluation
categories separately

One examiner did all measurements for this study, but the first five sets of models scored
were scored by the P.I., who provided calibration feedback and consultation on many
cases throughout data collection to ensure standardization and consistency throughout the
process.

The Discrepancy Index
The DI consists of 10 categories of potential areas of complication that a case may
present with. The ABO provides an instructional packet on their website detailing how to
score each category. A single sheet is used for this analysis, which is provided on the
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ABO website (Figure 1). The parameters for each category are summarized below.

Overjet
This is the horizontal overlap relationship, which is measured from a maxillary
central or lateral incisors to it’s antagonistic counterpart in the opposite arch. The
measurement is of the teeth that result in the greatest overjet, and is from the middle of
the incisal edge of the more facially positioned tooth to the facial surface of the more
lingual positioned tooth. A negative overjet is also scored.

Overbite
This is the vertical overlap component. It is measured between the incisal edges of
the lateral or central incisors of the maxillary teeth to their antagonistic mandibular
counterparts, whichever two teeth overlap the most.

Anterior Open Bite
If the anterior teeth are edge to edge, or there is space between the incisal edges,
the case receives points for having an open bite, but not for teeth that are blocked out of
the arch.

Lateral Open Bite
If any of the posterior teeth have greater than or equal to .5mm of space between
it’s cusp and the opposing tooth’s cusp, points are scored. No blocked out or unerupted
teeth are counted.
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Crowding
Arch length is measured and compared with tooth mass, to come up with the
measure of crowding. Only the more crowded arch is included in this measurement, with
increased categories of crowding receiving higher scores.

Occlusal Relationship
Measured during maximum intercuspation using Angle’s molar classification, the
occlusal relationship is scored based on the position the mesio-buccal of the maxillary
first molar, and how it occludes with the cusps of the mandibular first molar.

Lingual Posterior X-Bite
Points are scored here if a maxillary posterior tooth has a buccal cusp lingual to
the buccal cusp of the opposing mandibular tooth.

Buccal Posterior X-Bite
Points are scored here if a maxillary posterior tooth has a palatal cusp buccal to
the buccal cusp of the opposing mandibular tooth.

Cephalometrics
If the traced and measured lateral ceph falls outside of the following categories,
points are scored. ANB angle between -2° and 6°, SN-MP angle between 26° and 38°,
and Lower 1 to MP angle less than or equal to 99°.
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Other
Because every case is unique and may present other challenges, this section
allows for points to be awarded based on spacing, missing teeth, midline discrepancy,
impacted teeth, etc.
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EXAM YEAR _______
ABO ID # _______

ABO DISCREPANCY INDEX
CASE# ______

PATIENT ___________________________
For mm measures, round up to the next full mm.

TOTAL D.I. SCORE

Examiners will verify measurements in each category.

OVERJET
≥ 0 to < 1 mm (edge-to-edge)
≥ 1 to ≥ 3 mm
> 3 to ≥ 5 mm
> 5 to ≥ 7 mm
> 7 to ≥ 9 mm
> 9 mm
Negative Overjet (x-bite):
1 pt per mm per tooth

=
=
=
=
=
=

1
0
2
3
4
5

=

pt
pts
pts
pts
pts
pts

=
=
=
=

pts

0
2
3
5

Total

BUCCAL POSTERIOR X-BITE
> 0 mm, 2 pts per tooth

Total

CEPHALOMETRICS (See Instructions)
ANB ≥ 6° or ≥ -2°
@4pts
Each full degree > 6°
x 1 pt
Each full degree < -2°
x 1 pt

Total
OVERBITE
> 1 to ≥ 3 mm
> 3 to ≥ 5 mm
> 5 to ≥ 7 mm
Impinging (100%)

LINGUAL POSTERIOR X-BITE
> 0 mm, 1 pt per tooth

SN-MP
≥ 38°
Each full degree > 38°

pts
pts
pts
pts

@2pts =
x 2 pts =

≥ 26°
Each full degree < 26°

Total

@1pt
x 1 pt

1̄ to MP ≥ 99°
Each full degree > 99°

ANTERIOR OPEN BITE
0 mm (edge-to-edge), 1 pt per tooth
then 1 pt per mm per tooth
Total

=
=

≥ 0.5 mm, 2 pts per mm per tooth
Total
CROWDING (only one arch)

=
=

@1pt =
x 1 pt =
Total

pts
pts

LATERAL OPEN BITE

=
=
=

OTHER (See Instructions)
Supernumerary teeth

x 1 pt

Ankylosis of permanent teeth

x 2 pts =

Anomalous morphology

x 2 pts =

Impaction (except 3rd molars)

x 2 pts =
@ 2 pts =

=

≥ 0 to ≥ 1 mm

= 0 pts

Midline discrepancy (≥ 3 mm)

> 1 to ≥ 3 mm
> 3 to ≥ 5 mm

= 1 pts
= 2 pts

Missing teeth (except 3rd molars)

x 1 pt

> 5 to ≥ 7 mm

= 4 pts

Missing teeth, congenital

x 2 pts =

> 7 mm

Spacing (4 or more, per arch)

= 7 pts
Total

OCCLUSAL RELATIONSHIP
Class I to End On
=
End-to-End Class II or III =
Full Class II or III
=
Beyond Class II or III
=

x 2 pts =

Spacing (mx cent diastema ≥ 2 mm)
Tooth transposition

0
2
4
1

pts
pts per side
pts per side
pt per mm

pts
pts
pts

additional

@ 2 pts =
x 2 pts =

Skeletal asymmetry(nonsurgical tx)
Addl. treatment complexities

=

@ 3 pts =
x 2 pts =

Identify:

Total

30130315

Total Other

Figure 1. The Discrepancy Index, as provided by the American Board of
Orthodontics, on their website.
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The Cast-Radiograph Evaluation
The CR-Eval consists of eight categories, which the post-treatment casts are
evaluated in. Each category is scored, with points counting against the final outcome.
Categories consist of alignment, marginal ridges, buccolingual inclination, occlusal
relationships, occlusal contacts, overjet, interproximal contacts, and root angulation. Each
of these criteria were scored according to the parameters outlined by the ABO on their
website under the Grading System for Dental Casts and Panoramic Radiographs. A
summary of those parameters are listed below. A single sheet is used for this analysis
(Figure 3). Additionally provided by the ABO is the Measuring Gauge used for the index
(Figure 2). This specifically designed ruler has several surfaces which are specialized for
measuring specific categories of the CR-Eval.

Figure 2. This is the American Board of Orthodontics Measuring Gauge with several
measured surfaces used for accurate scoring of various categories of the CastRadiograph Evaluation, as provided by the ABO to each orthodontic graduate student.

Alignment
Tooth alignment is assessed by the incisal edges in the anterior, the mesiodisal
central grooves for the maxillary premolars and molars, and the mandibular premolar and
molar buccal cusps.
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Marginal Ridges
Correctly aligned teeth will have their marginal ridges at the same height as those of
adjacent teeth.

Buccolingual Inclination
Posterior teeth are evaluated in order to ensure proper occlusion and balancing
interferences. The difference between the buccal and lingual heights of the maxillary and
mandibular molars and premolars are measured using the ABO gauge.

Occlusal Relationships
Anteroposterior position of the maxillary teeth when compared to the mandibular
teeth while the patient is in centric occlusion. Angle’s relationships are used to identify
the position of the molars, premolars, and canines.

Occlusal Contacts
Posterior occlusion is measured to determine how well they are intercuspated with
the opposing dentition. Scoring is determined by looking at the lingual cusps of the
maxillary molars and premolars, and buccal cusps of the mandibular molars and
premolars.

Overjet
Measures the transverse relationship of the anterior and posterior teeth. Incisal
edges are used in the anterior, and maxillary lingual cusps/mandibular buccal cusps are
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used in the posterior.
Interproximal Contacts
Measures the presence or absence of spaces between adjacent teeth.

Root Angulation
Utilizes a panoramic radiograph to assess the position of the roots and determine
if any unacceptable angulation is present, or if the roots of adjacent teeth are parallel in
relation to one another.
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Occlusal Contacts

4-12-2010 for print use only.
For electronic submission requirement –
use ABO Case Report Work File (pdf).

ABO Cast-Radiograph Evaluation
Case #

Patient

Total C-R Eval Score:
Alignment/Rotations

Marginal Ridges

Occlusal Relationships

Interproximal Contacts
Buccolingual Inclination

Root Angulation
Overjet

INSTRUCTIONS: Place score beside each deficient tooth and enter total score for each parameter
in the white box. Mark extracted teeth with “X”. Second molars should be in occlusion.

Figure 3. The Cast-Radiograph Evaluation Sheet, as provided by the American
Board of Orthodontics on their website.
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Reference - ABO Cast/Radiograph Evaluation
See Grading System for Casts-Radiographs for entire discussion

ALIGNMENT/ROTATIONS
0.5 – 1 mm
> 1 mm

=
=

1
2

for each tooth
for each tooth

OCCLUSAL CONTACTS
0 mm
≤ 1 mm
> 1 mm

=
=
=

satisfactory
1 (for each posterior
2
tooth out of contact)

** Do not score diminutive distolingual cusps of the maxillary
1st and 2nd molars, nor lingual cusps of the mandibular first
premolars. Maximum of 2 points per tooth.

MARGINAL RIDGES
0.5 - 1 mm
> 1 mm

=
=

OCCLUSAL RELATIONSHIP
1 (for each interproximal contact
2
between posterior teeth)

< 1 mm
1 - 2 mm
> 2 mm

= satisfactory
= 1 (for each maxillary tooth from the
= 2
the canines to the 2nd molars)

** Do not include the canine-premolar contact.
Do not include the distal of lower 1st premolar.

BUCCOLINGUAL INCLINATION

INTERPROXIMAL CONTACTS

0 - 1 mm
1.1 - 2 mm
> 2 mm

0.6 - 1 mm
> 1 mm

**

=
=
=

satisfactory
1
( for each posterior tooth)
2

= 1
= 2

(for each interproximal
contact)

Do not score the mandibular 1st premolars nor the
distal cusps of the second molars.

OVERJET

ROOT ANGULATION

Anterior teeth must be contacting.

Parallel
Not parallel
Root contacting
adjacent root

0 mm
≤ 1 mm
> 1 mm

=
=
=

satisfactory
1
(for each maxillary
2
tooth)

= 0
= 1
= 2 (for each occurrence )

Do not score the maxillary and mandibular canines.
Transverse posterior teeth:
Mandibular buccal cusps are measured to the
central fossa of the maxillary teeth.

NOTE: Gauge Width is 0.5 mm;
Gauge Height is 1 mm
Third molars are not scored unless they substitute for the second molars.
No tooth is scored more than two points per individual parameter.

Figure 4. Reference sheet provided by the ABO, which summarizes scoring for
each category.
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Statistical Analyses
Statistical Package for Social Science (SPSS) Version 23 (IBM, Armonk, NY)
was used to analyze the data. Means, ranges, standard deviations, boxplots, and
histograms of the index scores for each parameter were analyzed and tables and figures
populated with descriptive statistics and the chart builder function. Shapiro Wilk’s test
was used to test for normality. The Independent Samples Kruskal Wallis test was used to
compare CR-Eval means in each category of Angles classifications. Independent Samples
Mann Whitney U Test was used as the non-parametric alternative to the independent
samples T-test to compare CR-Eval scores across the binary categorical variables.
Spearman’s rho test for correlation was used for analyzing the relationships between the
continuous variables of treatment time, CR-Eval, and DI. The Related-Samples
Friedman’s Two-Way Anova was used to analyze pairwise comparisons between each
category of the CR-Eval. For all tests, an alpha level of less than 0.05 was considered
statistically significant.

Results
32 Males, 48 Females. Ages at debond ranged from 11 years 7 months, to 29
years 2 months. After all T1 models were scored using the DI, and T2 models were
scored with the CR-Eval, scores were entered into SPSS and descriptive statistics were
run on them. It was found that DI scores ranged from 2-48, with the mean being 14.55,
with a standard deviation of 8.41 (Figure 5, 6).

25

Figure 5. Box plot showing mean, SD, Range, and outliers of DI scores

Figure 6. Histogram showing frequency distribution of DI scores
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CR-Eval scores were normally distributed (p = 0.592) (Table 1), and ranged from 15 to
47, with the mean CR-Eval being 30.09, and a standard deviation of 7.596 (Figure 7).

Figure 7. Histogram showing frequency distribution of CR-Eval Scores

Table 1. Shapiro-Wilk normality test for CR-Eval Scores
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Of the 80 patients scored, 55 cases were Class I molar at T1 (69%), 19 were Class II
(24%), and 6 were Class III (7%) (Table 2). On average, the CR-Eval scores for cases
that started Class I were 29.16, Class II were 31.79, Class III were 33.17 (Figure 8).
Although these means are consistent with the typical difficulty perceived of treating
them, and are clinically significant, these means were not statistically significantly
different (p = 0.238), likely due to large standard deviations (Table 3).

Figure 8. Boxplot showing means, SD, and Range of CR-Eval scores, stratified
by Angle’s classification at T1.
Table 2. Means and SDs of each category of Angle’s
classifications
Report
CR-Eval Total
Angle T1 (I,II,III)

Mean

N

Std. Deviation

class I

29.164

55

7.4604

class II

31.789

19

7.3074

class III

33.167

6

9.3041

Total

30.087

80

7.5961
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Table 3. Results of the one way ANOVA test, demonstrating that there
is no statistically significant difference between the CR-Eval scores of
each malocclusion category.

In this sample, there was no statistically significant correlation demonstrated between DI
at T1 and CR-Eval at T2. The following scatter plot visually demonstrates the lack of
correlation between DI and CR-Eval (Figure 9).

Figure 9. Graph showing total CR-Eval scores plotted against DI
scores, visually demonstrating no correlation.
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Cases that started with at least one impacted canine finished with an average CR-Eval of
32.22±4.27, while cases that did not finished with an average of 29.82±7.90 (Table 4,
Figure 10). However, these means were not statistically significantly different (p = 0.269)
(Table 5).

Table 4. Means and SDs of the total CR-Eval scores of
patients with impacted canines verses those without.

Figure 10. Boxplot of the total CR-Eval scores of patients with impacted canines
verses those without.
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Table 5. Non-parametric alternative to the independent samples T-test
showing there is no statistically significant difference between the
two groups.

There was also no statistical difference in T2 CR-Eval scores between cases that started
with at least one tooth in cross bite and those that did not. There was no statistically
significant difference in the mean CR-Eval scores between cases treated with extraction
and those treated non-extraction. There was, however, a statistically significant
correlation between Tx time and DI scores (r = 0.328; p = 0.003). Spearman’s test for
correlation showed a positive relationship, with higher DI scores resulting in longer
treatment times (Table 6, Figure 11).

Table 6. Spearman’s rho test for correlation between Treatment Time (Percent of
Expected) and DI, demonstrating a statistically significant correlation.
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Figure 11. Scatter Plot of Treatment Time (Percent of Expected) and DI scores,
demonstrating a statistically significant positive linear correlation.

Of the 80 cases included in this study, 14 cases (17.5%) were treated with extractions,
while 66 cases (82.5%) were not. There was a statistically significant correlation between
treatment time and whether or not the case was treated with extractions (r = 0.282; p =
0.011) (Figure 12, Table 8). Extraction patients had an average of 121.67% of the time
expected, while non-extraction cases took significantly less time, with mean of 95.43%
(Table 7, 9).
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Figure 12. Average treatment time (percent of expected) of cases that
were treated with extractions verses those that were treated nonextraction.

Table 7. Means and SDs of the treatment time (percent of
expected) of cases that were treated with extractions
verses those that were treated non-extraction
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Table 8. Means and SDs of the treatment time (percent of
expected) of cases that were treated with extractions verses
those that were treated non-extraction

Table 9. Results of the non-parametric alternative to
the independent samples T-test demonstrating that
there is a statistically significant difference in
means between extraction groups.

In this sample, Alignment/Rotations was the highest scored category with a mean of
6.65±2.66, and interproximal contacts scored the least, with a mean of 0.30±0.75.
Additionally, the difference between these means and the means of the other categories
were statistically significant (Figure 13). The second highest mean in the CR-Eval
categories was Buccolingual Inclination, with 4.99±3.10. This is followed closely by the
third highest mean, Occlusal Contacts, 4.88±2.71 (Table 11, Figure 14).
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Table 10. Showing statistically significant differences
between categories of the CR-Eval

Figure 13. Pairwise comparisons demonstrating
statistically significant differences in the means
of individual categories of the CR-Eval.
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Figure 14. Boxplot showing Means, SD, range, and outliers of each category of the CREval, in the order they appear in the CR-Eval sheet.

Table 11. Categories of the CR-Eval ordered in descending order of mean scores.

N

Minimum Maximum

Mean

Std. Deviation

Alignment/Rotations

80

1.0

14.0

6.650

2.6582

Buccolingual Inclination

80

.0

13.0

4.987

3.0996

Occlusal Contacts

80

.0

11.0

4.875

2.7066

Marginal Ridges

80

.0

10.0

4.125

2.1428

Occlusal Relationships

80

.0

13.0

3.863

2.5495

Overjet

80

.0

10.0

3.412

1.8397

Root Angulation

80

.0

7.0

1.888

1.3870

Interproximal Contacts

80

.0

4.0

.300

.7531
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There was no statistically significant difference in the average CR-Eval for patients
debonded each year (Table 12).

Table 12. CR-Eval means and standard deviations by
debond year.
Debond Year

Mean

N

Std. Deviation

2012

30.500

16

6.6733

2013

33.063

16

8.0868

2014

28.313

16

7.4182

2015

28.500

16

7.0427

2016

30.063

16

8.5827

Total

30.087

80

7.5961

For the purpose of evaluating consistency of measurements, eight of the patients
(10%) were re-scored one month after completion of data collection, and the variability
between those CR-Eval scores and the original CR-Eval scores were, on average, less
than 1 point. The differences between the scores were analyzed to get an Intraclass
Correlation Coefficient, which was 0.989, with a P= <0.001, demonstrating a high
consistency and reliability of the scoring protocol used.

Table 13. ICC values demonstrating consistency in measurements
Intraclass Correlation Coefficient
Intraclass

95% Confidence Interval

F Test with True Value 0

Correlation

Lower Bound

Upper Bound

Single Measures

.989

.951

.998

179.357

7

8

.000

Average Measures

.994

.975

.999

179.357

7

8

.000

One-way random effects model where people effects are random.
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Value

df1

df2

Sig

Limitations of the Study and Recommendations for Future Studies
Limitations to the study include the fact that all DI and CR-Eval scores were done
by one researcher. Having multiple standardized evaluators score each cast, and take the
average of those scores (like the ABO does during the examination process) would
improve accuracy. Additionally, our study design did not control for the individuals
involved in treating each case, because we didn’t want to have the information such as
which student or which faculty treated the case attached to the scores.
Because the clinic is in an academic setting, there are is also the possibility of
confounding variables in cases that take longer, such as patient compliance, and
graduating students passing the cases on to the next student. Another limitation is the fact
that we only sampled patients who presented as skeletal Class I. We did this to limit
confounding variables, as our intent was to see how well we are finishing patients
without large skeletal discrepancies. However, future studies could include a more broad
sample of patients treated here. In addition, future studies could include emergencies,
non-compliance notes, number of times the patient rescheduled appointments, or were
seen by an attending other than their own. All of this could be done in an effort to
determine what other external factors could be contributing to a poor treatment outcome.
If the clinic instigates a policy that requires progress models and Cr-Evals to be
done on all cases prior to deband, a follow up study could be done in subsequent years to
evaluate improvements. Because buccolingual inclination was the second highest
category scored, it would be interesting to determine which of the cases we scored were
treated with quad helix vs hyrax, and determine if the use of different appliances was at
all correlated with the increased discrepancy between the buccal and palatal cusps.
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Discussion
According to the results found in this data set, extraction treatments appear to take
longer than expected to treat. This is understandable considering these are graduate
students which are treating cases, and many times, different methods of retraction and
space closure are used by students to get a more broad exposure to treatment mechanics
and determine with what works well in their hands. Things such as loosing track of
midlines, canine position, or anterior torque recovery, are all things that could happen
with a graduate student treating an extraction case for the first time. One other possibility
is that because it is the attending who estimates the amount of time a case will take, they
may be estimating based on their own time needed for an extraction case, and not taking
into account the additional time it may take a graduate student to complete the case.
It also appears that cases that present with a higher discrepancy index appear to
take longer than expected. The board intentionally uses the word “discrepancy” index and
not “difficulty” index, as there are many more variables that play into what makes a case
difficult, such as patient compliance. However, it is generally understood that a case that
has a higher DI is generally more complex, and therefore can usually be expected to take
longer to treat.
No statistically significant correlation between DI at T1 and CR-Eval at T2 was
found in this data set. Although we anticipated a relationship here, we again have to
realize that these are graduate students treating cases, and even small errors in band or
bracket placement, can cause problems with finishing. This is most likely a reason why
we didn’t see a correlation between DI and CR-Eval, as was indicated when we found
that alignment/rotations had the highest mean of any category. This of course implicates
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that bracket placement may be the culprit. This can be demonstrated by the example of a
case that may come in relatively Class I, with minimal crowding, and no other problems
resulting in a very low DI. It may be the graduate student's first time bonding a case, and
they may introduce marginal ridge discrepancies, incisor rotations, and other problems
that would cause a higher CR-Eval than one would expect.
The fact that there was no statistically significant change in the average CR-Eval
scores from year to year shows that the clinic is consistently treating cases to about the
same level. However, the large standard deviation in those numbers shows that there is
significant variation in the quality of our cases at debond. Policies such as a required
progress models with documented CR-Eval scores in each category prior to debond could
begin to narrow the range of scores at debond, and having the clinic begin to show
improving results from year to year. There is currently no implemented clinic policy
regarding progress models. However, some of the attending doctors require this, which
could also explain why there is a large standard deviation in scores. An electronic form
on the patient management software that alerts the student that progress models must be
taken prior to debond, with a mandatory input for each category of the CR-Eval, would
likely go a long way toward quality control of cases prior to debond, when issues can still
be corrected.
Alignment and rotations had the highest category mean. As mentioned previously,
poor bracket placement is most likely the largest contribution to this problem. Bonding
technique during the first quarter of this program is limited to one lab demonstration, one
clinical demonstration, and one lecture. Perhaps a course or a series of workshops
throughout the program, and especially during the first year, should be dedicated to this
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incredibly important area of our specialty.
Buccolingual Inclination was the second highest. This could be due to a variety of
factors, such as excessive arch wire expansion, over expanding arch forms, or the use of
expansion appliances that tend to have more of a tipping effect than a skeletal effect. One
such appliance may be the quad helix, which is used frequently in the graduate clinic.
However, this study did not include an evaluation on which appliances were used. This
category is probably the most difficult to evaluate in the patient’s mouth, which is
another reason to take progress models prior to debond. Evaluating buccolingual
inclination on a progress model can be done quickly and efficiently using the ABO
gauge.
The Occlusal Contacts category was the third highest mean. This is likely due in
part to the fact that our clinic currently takes T2 records at the debond/retainer delivery
appointment. This score would most likely be improved by allowing some bite settling
after debond, but prior to taking T2 records. Settling could also be accomplished by
sectioning buccal segment wires and using some vertical elastics to promote posterior
settling prior to debond.

Conclusions
1. There were no statistically significant fluctuations in treatment outcomes through the
years included in this study, but there are large standard deviations for each year.
2. There were no statistically significant differences in outcome between types of
malocclusion.
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3. The area with the most room for improvement is the Alignment/Rotations category,
followed by Buccolingual Inclination, and Occlusal Contacts categories, respectively.
4. Cases with a higher DI, and cases treated with extractions, appear to take longer than
expected to treat.
5. Curriculum and clinic policies could be updated based on these recommendations to
allow for improvement in future treatment outcomes.
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CHAPTER THREE
EXTENDED DISCUSSION
The Importance of Progress Models
One thing that was immediately apparent as I started scoring models, was the
presence of what I would consider to be obvious and relatively easily fixed problems,
such as lower incisor alignment discrepancies. These, if noticed, could have easily been
fixed with a simple detail bend. One problem with attempting to see these discrepancies
in the mouth prior to debond, is the simple fact of the limitation in visibility caused by the
lips, cheeks, tongue, and the angle that the orthodontist can look at the teeth.
Buccolingual inclination of posterior teeth, for example, is extremely difficult, if not
impossible, to measure intra-orally. Time and time again, when I look at progress models
taken on my own patients that appeared clinically to be ready for debond, I am surprised
to find that the progress model revealed some alignment, marginal ridge, inclination, or
occlusal discrepancy, that was not apparent in the mouth.

The Importance of the DI and CR-Eval
Another thing that I found while conducting this study, was the incredible benefit
the comes from being extremely familiar with the DI and CR-Eval. After spending nearly
one hundred hours working with these indices during my residency, and most
significantly, during the data collection for this project, a few things have become very
apparent. The first is that being familiar with these indices allows you to see the teeth in a
different way than you did before. The second is that it trains your eye to jump to
problems that may have not been quite as obvious to you before - such as the
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buccolingual inclination of posterior teeth, or subtle alignment or marginal ridge
discrepancies.

Conclusion
It is the hope of the author and of the committee chair, Dr. Drew and Dr.
Rynearson, that the importance of these aspects of orthodontics be implemented and used
both in the educational setting, and in the private sector, in order to further excellence in
our profession. Now more than ever it is important to differentiate our work from that of
the orthodontic work done by untrained individuals. Utilizing these tools will help us give
our patients the best treatment possible.
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